The foetal blood is a small pool between the large pool of maternal blood and the foetal tissues. The pH of the maternal blood is regulated by the lungs and kidneys but the foetus depends on the placenta. Little transfer of acid or base takes place into the liquor amnii and the exchange is slow and unimportant (Daniel et al. 1966 ). With impaired placental function transfer of oxygen is impeded and it is likely that the passage of carbon dioxide is also slowed: the carbon dioxide content of the foetal blood rises and the foetal tissues become hypoxic: anarobic metabolism of glycogen occurs and lactic acid is released into the foetal blood. The buffers in the foetal blood, including hmemoglobin, mop up some of the excess acid, but this compensatory mechanism is limited ( Fig 1) .
The lactic acid content of the foetal blood during normal labour is low but it rises during difficult labour (Low 1963 , Derom 1964 , usually as a result of foetal anwrobic metabolism, but it can also be a reflection of maternal acidosis. During normal labour maternal blood shows only a slight metabolic acidosis (Beard & Morris 1965 , Samueloff et al. 1961 but, in long labour with dehydration, starvation and ketosis, the maternal acidosis may be more severe.
Many workers have shown that, in labour, gradients of lactic acid are usually from foetal to maternal blood (Friedman et al. 1960 , Otey et al. 1964 , Hendricks 1957 and that the blood in the umbilical vein contains less lactate than that in the artery (Daniel et al. 1966) . Correlation between maternal and foetal lactate levels is good when the values are low, but poor when the foetus has high lactate levels, because impaired placental function not only leads to anerobic foetal metabolism but also interferes with removal of lactic acid.
Transfer of oxygen from foetal blood to the foetal tissues will also be impaired if the foetal circulation is slow; this slowing will also reduce placental exchange. Faetal acid-base equilibrium clearly depends on several interrelated factors.
It may be asked whether a small drop of foetal blood is a fair sample and whether the gases do not diffuse away too fast to permit accurate estimation. Experiment shows that the changes are very slight in sixty seconds and most scalp samples are collected in a few seconds. It has also been suggested that aedema of the scalp will impede the circulation in it but, except when the ftetal circulation is failing, of which there is other clinical evidence, the scalp vessels can be seen to respond by rective vasodilatation after spraying with ethyl chloride. In cases of feetal distress the obvious thing would be to measure saturation and tension of oxygen and carbon dioxide, but the practical difficulties are great. The levels in the blood fluctuate rapidly and in a single sample may not be representative of those in the foetal tissues. Assessment of the degree of respiratory or metabolic acidosis gives a better guide to the clinician.
The Henderson-Hasselbalch equation may be written [HCO, 
Under standard conditions of temperature (38°C), hemoglobin concentration and oxygen saturation, pK is found by experiment to be 6-10. We now have an equation relating the three variables pH, [HCO3] and Pco2.
With the Astrup machine it is easy to measure the pH of the small blood sample quickly and accurately. If the blood is abnoimally acid it may be because it contains an excess of carbon dioxide or an excess of fixed acids, which may indicate changes of longer duration. From the equation we have already established, if the [HCO3] is fixed, as it must be in the specimen because base cannot escape from it, there will be a linear relationship between Log Pco2 and pH. We want to find the Pco2 to which the blood was exposed in the body.
If the sample is exposed to carbon dioxide at a known high tension and then to another low tension, the pH will change. By plotting the results obtained on a logarithmic scale a straight line can be drawn and, if the actual pH observed when the blood was freshly drawn is marked in, the Pco2 existing at that time can be derived (Fig 2) .
The base deficit (or excess) can also be measured. But first another termthe standard bicarbonate concentration of plasmamust be defined. This is the plasma bicarbonate concentration of a sample of blood measured under standard conditionstemperature 38°C, hkmoglobin completely oxygenated and Pco2 at 40mmHg: the normal adult value is about 24 mEq/l. Base deficit can now be defined as the deficit of base in the sample compared with the normal standard bicarbonate concentration. Because carbon dioxide and bicarbonate account for only about 75% of the buffer action of blood a correction factor is applied and base deficit (or excess) is stated as 1 2 x (standard bicarbonate -24). Fig 3 explains these concepts. If the blood plasma has a normal content of base the relationship between pH and Pco, will be that on the middle line. If the plasma contains more base the line will be shifted to the right, and vice versa. The hemoglobin concentration also affects the slope of the line but, for routine feetal blood sampling, this is unimportant. The nomograph devised by Siggaard-Andersen & Engel (1960) allows a quick determination of the base deficit, which can be read directly from the point of intersection of the straight and curved lines. Within ten minutes of deciding to collect a foetal blood sample it is possible to determine its pH and whether a fall is due to excess of carbon dioxide or of fixed acids. In any interpretation of these results the maternal acid-base status must also be considered; the expression A base deficit is often used to indicate the algebraic difference between maternal and feetal base deficit.
(Queen Charlotte's Maternity Hospital, London)
The Technique of Feetal Blood Sampling The method devised by Saling (1962) has been in use at Queen Charlotte's Maternity Hospital since early in 1965 and the procedure has been described previously (Morris & Beard 1965 ). In the light of our experience the original apparatus has been modified in three ways:
(1) The knife holder had two vice-like jaws which gripped the blade; wrong setting of the blade was possible, allowing too deep penetration (Beard et al. 1966) . A new knife holder was produced to take disposable prepacked blades, which are supplied fixed in a plastic mount from which they project a standard optimal distance. Since their introduction, there have been no cases of excessive hemorrhage. (It is still important, however, that the blade should be made to enter the scalp by gentle firm pressure with no twisting or forceful stabbing motion.) (2) The proximal lighting unit has been redesigned to fit more rigidly on the endoscope. A fibre-optic lighting system has recently been incorporated but is not essential.
(3) Sampling has been made easier by replacing the polyethylene tubing of the original method by lithium heparinized glass tubes. These have the added advantages that heparinized thread is no longer needed, the whole tube is presterilized by gamma irradiation and diffusion of carbon dioxide from the sample is eliminated. It may be noted that the error introduced by loss of carbon dioxide in the original technique did not exceed 002 pH unit and would not, therefore, affect the clinical applicability of the results obtained by that method. The apparatus is obtainable from Messrs Allen & Hanburys.
A source of error exists in delay in obtaining a sample. The time needed varies with the degree of dilatation of the cervix, the station and mobility of the presenting part and the amount of hair. Co-operation by the patient is usually good, the discomfort involved being no more than that of gentle vaginal examination. The vascularity of the presenting part has been found to be reduced in the severely distressed infant and in the 'small for dates' baby. Blood is more easily obtained during a contraction and, when so obtained, the pH is approximately 003 pH unit above that obtained between contractions. Sampling should, where possible, be made during a contraction and we think that the blood so obtained is more indicative of the arterial state of the fetus. Experience is easily acquired and at Queen Charlotte's Maternity Hospital, new resident medical officers are fully competent after three weeks' instruction.
Even when samples are obtained at induction of labour at 35 weeks in cases of rhesus isoimmunization, contamination of the sample with liquor has not proved to be a problem, though in 9 % of such cases no sample was obtained because of a closed cervix and high free head. In 26 of the first 27 cases, the hemoglobin level in cord blood was within ±5% of that in the scalp sample. More likely to cause error is excessive endoscope pressure, by producing scalp stasis with reduction of pH and an increase of base deficit. Both these possible errors can be contributed to by incorrect positioning of the patient.
Complications of technique: In 1,173 cases (14% of deliveries), there have been no cases in the mother of infection or other complication attributable to the method.
Excessive bleeding has not occurred since the disposable blade was introduced; a tendency to continued bleeding can always be controlled by gentle swab pressure. Blood passed after sampling or in labour should always be tested foi feetal hemoglobin by a modified Singei test (Chamberlain 1966): failure to do this resulted in death in
